In the present study, bioactive peptide was isolated from protein hydrolysate of Nemipterus japonicus backbone hydrolysed by trypsin. Functional properties like solubility, emulsifying, and foaming capacities of protein hydrolysate were governed by pH. Protein hydrolysate was fractionated by DEAE XK 26/20 anion exchange chromatography followed by G-25 gel filtration chromatography. The fractions collected were tested for radical scavenging properties on DPPH, hydroxyl, and superoxide radicals by electron spin resonance spectrometer. Amino acid composition of a potent fraction was rich in glutamic acid (21.20 g/100 g), lysine (37.50 g/100 g), aspartic acid (5.8 g/100 g), arginine (5.4 g/100 g), and glycine (2.84 g/100 g). Moreover, the potent fraction showed no cytotoxicity on Vero cell lines till 0-100 µg/ml with CC 50 = 94 µg/ml, whereas it exerted a significant antitumor property against HepG 2 cell line with an IC 50 value of 61.1 µg/ml.
INTRODUCTION
Seafood by-products, like skeletal structures, gills, and intestines, commonly discarded as waste, can be converted into protein hydrolysates by enzymatic hydrolysis and are among the best hydrolysates in terms of nutritional properties with balanced amino acid composition and high digestibility. [1] Protein hydrolysates have an excellent solubility at a high degree of hydrolysis and usually influences other functional properties like emulsifying and foaming properties. [1] Moreover, bioactive peptides isolated from various fish protein hydrolysates have shown enormous bioactivities, such as antihypertensive, [2] immunomodulatory, [3] anticancer, [4] and antioxidative activities, [5] depends on their amino acid composition and their sequence.
Reactive oxygen species (ROS), such as hydroxyl, superoxide, and peroxyl radicals, are formed in human cells by endogenous factors and exogenously result in extensive oxidative damage that, in turn, leads to geriatric degenerative conditions, cancer, and a wide range of other human diseases. [6, 7] Moreover, oxidation of fatty acids and lipids by free radicals leads to the deterioration of food quality and causes rancidity of flavours. [2, 8] It has reported that antioxidants can protect the human body from ROS effects and, therefore, can retard progress of many chronic diseases as well as rancidity in foods. [9] In the present study, we investigated functional properties of protein hydrolysate of N. japonicus backbone produced by trypsin. Furthermore, protein hydrolysate was fractionated by anion exchange and gel chromatography and the purified fractions were assessed to in vitro antioxidant and antiproliferative assays.
MATERIALS AND METHODS

Chemicals and Proximate Analysis
Nemipterus japonicus were collected from Royapuram fishing harbour (Latitude 13
• 06 N, Longitude 80
• 18 E) north of Chennai, India and preserved in -20
• C until used. DPPH, 5, 5-dimethyl-1-pyrroline-N-oxide (DMPO), 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT), fetal bovine serum (FBS), Dulbecco's modified Eagle medium, and Penicillin and streptomycin were purchased from Sigma-Aldrich Chemie (Steinheim, Germany). All other chemicals and solvents were of analytical grade. Vero and Hep G 2 cell lines were obtained from the National Center for Cell Sciences, Pune, India. Crude protein, lipid, moisture, and ash content were determined by AOAC. [10] 
Preparation of Protein Hydrolysate
To produce antioxidant peptides from N. japonicus backbone, enzymatic hydrolysis was performed using trypsin with optimal conditions (buffer: 0.1 M Na 2 HPO 4 -NaH 2 PO 4 ; pH: 8.8; temperature: 37
• C) at enzyme/substrate ratio (1/100 w/w). Substrate and enzyme were mixed thoroughly. The mixture was incubated for 4 h at an optimal temperature with continuous stirring. The mixture was then heated in a boiling water bath at 100
• C for 10 min to inactivate enzyme activity and finally lyophilize. The lyophilized hydrolysates were stored at -20
• C until used.
Degree of Hydrolysis
The degree of hydrolysis was calculated by the pH stat method, [11] and can be defined as the percent ratio of the number of peptide bonds broken (h) to the total number of peptide bonds per unit weight (h tot ), and in each case, was calculated from the amount of base (NaOH) added to keep the pH constant during the hydrolysis as given below:
where B is the amount of NaOH consumed (ml) to keep the pH constant during the reaction, N b is the normality of the base, M P is the mass of protein (in grams, % N × 6.25), 1/α is the calibration factor for pH-stat, and h tot is the content of peptide bonds. [11] SDS-PAGE SDS-PAGE was performed for all samples using a 4% stacking gel and 15% acrylamide gel by the method of Laemmli. [12] The hydrolysates (20 mg/ml) were directly mixed with a 4-fold volume of 0.0125 mol/l tris-HCl buffer containing 1% (w/v) SDS, 2% (v/v) 2-mercaptoethanol, 5% (v/v) glycerol l, and 0.025% (w/v) bromophenol blue. The samples were then heated for 5 min in a boiling water bath before electrophoresis. The loading volume was 15 µl to each lane. The gel was stained with 0.25% Coomassie brilliant blue (R-25) in 50% methanol and destained in 7% acetic acid in methanolic solution.
Functional Properties of Protein Hydrolysate
Solubility. Solubility of fish protein hydrolysate was determined over a range of pH values from pH 2 to 10. Briefly, 200 mg of protein hydrolysate sample were dispersed in 20 ml of deionized water and the pH of the mixture was adjusted 1 or 6 N HCl and 1 or 6 N NaOH. The mixture was stirred at room temperature for 30 min and centrifuged at 7500 g for 15 min. Protein contents in the supernatant were determined using the Biuret method. [13] Total protein content in the sample was determined after solubilization of the sample in 0.5 N NaOH. Protein solubility was calculated as follows:
Protein content in supernatant Total protein content in sample × 100.
Emulsifying properties. Emulsifying capacity was determined according to the method of Pearce and Kinsella. [14] Corn oil (10 ml) and 30 ml of 1% protein solution were mixed and the pH was adjusted to 2, 4, 6, 8, and 10. The mixture was homogenizer at a speed of 20,000 rpm for 1 min. An aliquot of the emulsion (50 µl) was pipetted from the bottom of the container at 0 and 10 min after homogenization and mixed with 5 ml of 0.1% sodium dodecyl sulphate (SDS) solution. The absorbance of the diluted solution was measured at 500 nm. The absorbances measured immediately (A 0 ) and 10 min (A 10 ) after emulsion formations were used to calculate the emulsifying activity index (EAI) and the emulsion stability index (ESI) as follows:
where A = A 0 − A 10 and t = 10 min .
Foaming properties. Foaming capacity and stability of pink perch protein hydrolysate were determined according to the method of Sathe and Salunkhe. [15] Briefly, 20 ml of 0.5% sample solution were adjusted to pH 2, 4, 6, 8, and 10 followed by homogenization at a speed of 16,000 rpm to incorporate the air for 2 min at room temperature. The whipped sample was immediately transferred into a 25-ml cylinder and the total volume was read after 30 s. The foaming capacity was calculated as:
where A is the volume after whipping (ml) and B is the volume before whipping (ml). The whipped sample was allowed to stand at 20 • C for 3 min and the volume of the whipped sample was then recorded. Foam stability was calculated as follows:
where A = volume after standing (ml) and B = volume before whipping (ml).
Fractionation of the Protein Hydrolysate
Ion exchange chromatography. The lyophilized protein hydrolysate (80 mg/ml) was dissolved in 20 mM sodium acetate buffer (pH 4.0) and loaded onto fast protein liquid chromatography (FPLC) on DEAE XK 26/20 anion exchange column equilibrated with 20 mM sodium acetate buffer (pH 4.0), and eluted with a linear gradient of NaCl (0-1.5 M) in the same buffer at a flow rate of 62 ml/h. Each fraction collected at a volume of 4 ml was monitored at 280 nm; pooled fractions were then concentrated using a rotary evaporator, and antioxidant activities were investigated. Further, the fractions having strong antioxidant properties were lyophilized and subjected to separation.
Gel filtration chromatography. The lyophilized fraction was further purified on a Sephadex G-25 gel filtration column equilibrated with distilled water. The column was eluted with distilled water, and 4 ml of fractions was collected at a flow rate of 0.8 ml/min. The fractions were detected at 280 nm and subjected to antioxidant activity assays. A strong antioxidant fraction was lyophilized for further investigation.
Assays of Electron Spin Resonance (ESR) Spectrometer
DPPH radical scavenging assay. DPPH radical scavenging activity was measured using the methodology by Nanjo et al. [16] A 60-µl peptide solution (or ethanol itself as control) was added to 60 µl of DPPH (60 µM) in ethanol solution. After mixing vigorously for 10 s, the solution was then transferred into a 100-µl quartz capillary tube, and the scavenging activity of peptide on DPPH radical was measured using an EMX (X band) Bruker spectrometer (Billerica, MA, USA) after 2 min. Experimental conditions were as follows: magnetic field, 3475 G; power, 5 mW; modulation frequency, 100 kHz; amplitude, 2 × 1000; sweep time, 30 s. Radical scavenging ability (RSA) was calculated based on the following equation, in which H and H 0 were the height of the third resonance peak for samples with and without protein, respectively.
Hydroxyl radicals scavenging activity. Hydroxyl radicals were generated by an iron-catalyzed Fenton Haber-Weiss reaction and they reacted rapidly with a nitrone spin trap DMPO. [17] The resultant DMPO-OH adducts were detectable with an ESR spectrometer. The peptide solution (20 µl) was mixed with DMPO (0.3 M, 20 µl), FeSO4 (10 mM, 20 µl), and H 2 O 2 (10 mM, 20 µl) in a phosphate buffer solution (pH 7.4), and was then transferred into a 100-µl quartz capillary tube. After 2.5 min, the ESR spectrum was recorded using an ESR spectrometer. Experimental conditions were as follows: magnetic field, 3475 G power, 1 mW; modulation frequency, 100 kHz; amplitude, 2 × 1000; sweep time, 4 min. The RSA was calculated as above with H and H 0 representing the height of the second resonance peak for samples with and without protein, respectively.
Superoxide anion radical scavenging activity. Superoxide anion radicals were generated by an UV-irradiated riboflavin/EDTA system. [18] The reaction mixture containing 0.3 mM riboflavin, 1.6 mM EDTA, 800 mM DMPO, and an indicated concentration of peptide fraction was irradiated for 1 min under an UV lamp at 365 nm. The reaction mixture was transferred to a 100-µl quartz capillary tube of the ESR spectrometer for measurement. The experimental conditions were as follows: magnetic field, 336.5 ± 5 mT; power, 10 mW; modulation frequency, 9.41 GHz; amplitude, 1 × 1000; sweep time, 1 min. The RSA was calculated as above with H and H 0 representing the height of the first resonance peak for samples with and without protein, respectively.
Amino Acid Analysis
The protein hydrolysates were dissolved in 6 N HCl and were subjected to hydrolysis in a boiling water bath for a period of 24 h. The tubes were cyclo-mixed for every 1 h for proper hydrolysis to take place. After 24 h of hydrolysis, the tubes were centrifuged at 3500 rpm for 15 min. The supernatant was filtered and was neutralized with 1 N NaOH. Then the filtered solution was diluted to 1:100 of volume (1 ml diluted to 100 ml) with milli-Q water and was preceded for estimation of protein amino acids by HPLC. [19] Cytotoxic Assessment Using MTT Assay Vero cells (kidney epithelial cells of the African Green Monkey) and Hep G 2 (human hepatocellular liver carcinoma) cell line were cultured and maintained in Dulbecco's Modification of Eagle's Medium (DMEM) supplemented with 100 U/mL penicillin, 100 mg/mL streptomycin, 10% FBS, and maintained at 37
• C under a humidified atmosphere with 5% CO 2 . Cells were seeded in complete medium in a 96-well plate at a density of 1 × 10 5 cells/ml. After reaching confluent, the cells were incubated with different concentrations of the sample (0-150 µg/ml) for 48 h. DMSO and phosphate buffer solution (PBS) (the vehicles) were used as controls. The medium was then discarded and the adherent cells were washed twice with PBS, then 20 µl of MTT stock solution (5 mg/ml in PBS) were added to each well and the plates were further incubated overnight at 37
• C. An amount of 100 µl of DMSO was added to each well to solubilize the formazan crystals produced by viable cells. After complete dissolving of formazan blue, the absorbance was measured at 540 nm, as a reference wavelength using a thermoscientific multiscan microplate reader.
RESULTS AND DISCUSSION
Proximate Analysis
The proximate composition of N. japonicus backbone was calculated according to AOAC. [10] Moisture, protein, lipid, and ash were found to be 60.1 g/100 g, 11.8 g/100 g, 2.2 g/100 g, and 0.98 g/100 g, respectively. The results were compared with smooth head (Alepocephalus bairdii) in which moisture, protein, lipid, and ash were found to be 87.2 g/100 g, 10.1 g/100 g, 3.0 g/100 g, and 0.78 g/100 g, respectively. [20] Furthermore, proximate composition values (82.4% moisture, 16.7 g/100 g protein, 0.61 g/100 g lipid, and 0.97 g/100 g ash) have been reported by Okland et al. [20] for Roughhead grenadier (Macrourus berglax).
Degree of Hydrolysis
The hydrolysis of N. japonicus bone was carried out with trypsin by the pH-stat method for 4 h. The hydrolysis proceeded at a high rate during the initial 15 min and then slowed down thereafter, reaching a steady state when no apparent hydrolysis took place. This result was similar to those reported earlier from other sources: Atlantic salmon, [2] yellow fin tuna, [21] and sardine. [22] 
SDS PAGE
The electrophoretic pattern of protein hydrolysate is shown in Fig. 1 . The fractions obtained after the hydrolysis process depends on the degree of hydrolysis. These polypeptides are believed to be the hydrolysed part of myosin and actin and showed the presence of one major band with a molecular mass of less than 14.2 kDa. The hydrolysates also showed three bands in the range of 36.8, 20.7, and 27 kDa, which may be the result of undigested protein; the same results were shown by Souissi et al. [23] in Sardinella aurita, in which the hydrolysates showed two bands in the range of 55 and 30 kDa and a major band with a molecular mass of less than 14.2 kDa. 
Functional Properties
Solubility. The solubility of backbone protein hydrolysate at the pH range 2-10 is given in Table 1 . The hydrolysate showed the lowest solubility at the isoelectric point; as the pH shifted from 4, the solubility of hydrolysates increased to 68%. This improvement in solubility may be due to the decrease in molecular size and increase in amino and carboxyl groups. [24] The same results were reported in salmon by-products [25] and silver carp, [26] which showed a decrease in solubility at a pH of 4-5 and drastically increased with an increase in pH.
Emulsifying properties. The ability of proteins to form stable emulsions due to the interactions between proteins and lipids is common in food. The emulsion activity index (ESI) gives the measure of the area of interface stabilized per unit weight of protein (m 2 /g) and, therefore, provides the ability of protein to coat an interface. [14] The emulsion activity index (EAI) and ESI were low at pH 4 and increased with an increase in pH as shown in Table 1 . The decrease in EAI and ESI at pH 4 is due to a decrease in solubility. The results were supported by the reports in yellow stripe trevally [27] and in round scad, [28] which showed that the EAI and ESI were affected by the pH and enzymes used. Moreover, it was reported that Nile perch skin hydrolysate had excellent emulsification capacities with 11.3 to 21 ml/0.5 g. [29] Therefore, enzymatic modification is an effective way to improve functional properties like solubility, fat absorption, emulsifying activity, and foaming capacity. Thus, the trypsin hydrolysates could be used in food like salad dressings, ice creams, mayonnaises, etc.
Foaming properties. Foaming capacity of proteins depends on the type of protein, degree of denaturation, pH temperature, and whipping methods. To exhibit good foaming capacity, protein needs to be absorbed into the interface, capable of migrating rapidly to the air-water interface, unfolding and rearranging at the interface. [30] Protein hydrolysate was greatly affected by pH and tended to decrease at pH 4 and reached the maximum at pH 10 as shown in (Table 1) . Foaming stability also showed a decrease at the isoelectric point that contributes to its lower solubility at this point. It may be attributed that net charge influences the adsorption of the proteins at the air-water interface, as net charge increases foaming property enhances. [27] 
Fractionation and Antioxidant Properties of Protein Hydrolysate
The lyophilized tryptic protein hydrolysate of N. japonicus backbone was dissolved in sodium acetate buffer (20 mM, pH 4.0) at 100 mg/ml, and loaded on the DEAE XK 26/20 anionic column using FPLC with a linear gradient of NaCl (0-2 M). The elution peaks were fractionated into five portions, measured for radical scavenging activity against the DPPH, hydroxyl, and superoxide radicals measured by the ESR spectrophotometry (Fig. 2) . The lyophilized active fraction (peak II) was further purified on a G-25 gel permeation column equilibrated with the distilled water and was fractionated into two peaks (Fig. 3) . Fraction II-b was found more potent to scavenge DPPH, hydroxyl, and superoxide radicals, which were measured by 37.0, 39.0, and 32.8%, respectively. 
Amino Acid Composition
The amino acid composition of a purified fraction was determined by HPLC and results have revealed the presence of essential and nonessential amino acids. The percentage of essential amino acids was found to be more than the recommended values required for human adults. [31] A purified fraction of N. japonicus bone showed glutamic acid (21.20 g/100 g), lysine (37.51 g/100 g), aspartic acid (5.81 g/100 g), arginine (5.41 g/100 g), and glycine (2.84 g/100 g) as major amino acids (Table 2) . Moreover, histidine and methionine in purified fraction accounts for 2.24 g/100 g and 1.54 g/100 g, respectively. It has been reported that amino acids, such as lysine, histidine, methionine, cysteine, and tyrosine, show antioxidant activity [9] as histidine containing peptide may be attributed to the chelating and lipid trapping ability due to the imidazole ring, whereas the tyrosine residue in the peptide may act as a potent hydrogen donor. [32] The percentage of lysine (37.51 g/100 g) was found more when compared to round scad (13.90 g/100 g) [28] and silver carp (2.34 g/100 g). [26] Results have confirmed that the purified peptide of N. japonicus backbone has essential and antioxidant amino acids and can be a source of high nutrient supplement.
Cytotoxic Assessment by MTT Assay
The purified fraction of N. japonicus backbone was tested for cell cytotoxicity with Vero cell lines and the fractions showed no cytotoxic effect till 0-100 µg/ml with CC 50 = 94 µg/ml. Moreover, the purified peptide fraction was evaluated for antiproliferative activity for human hepatoblastoma cell line (Hep G2), and the results showed a noticeable dose dependent cytotoxic effect with IC 50 values 61.1 µg/ml (Fig. 4) . Picot et al. [4] has reported that protein hydrolysates showed antiproliferative activity against human breast cancer cell lines MCF-7/6 and MDA-MB-231. 
CONCLUSIONS
In conclusion, protein hydrolysate formed by trypsin digestion may serve as a good source of desirable quality peptides and amino acids. Enzymatic hydrolysis resulted in a considerable increase in solubility, emulsifying, and foaming capacities. Moreover, it has excellent antioxidant and antitumor properties, and can be used as a natural additive in food stuffs. Therefore, further work should be done to isolate and characterise bioactive peptides with antioxidant and antitumor properties from N. japonicus backbone.
